Abstract. We herein report a case of squamous cell transformation combined with the epidermal growth factor receptor (EGFR) mutation T790M associated with acquired resistance to EGFR tyrosine kinase inhibitors (EGFR-TKIs) in a 73-year-old male patient diagnosed with stage IVA lung adenocarcinoma. Gene alterations were analyzed by collecting and studying pleural effusion at the time of diagnosis. Examination revealed an exon 19 deletion in the EGFR gene. Following treatment with the second-generation EGFR-TKI afatinib, squamous cell carcinoma was identified by performing a re-biopsy of the recurrent site. Although the levels of cytokeratin 19 fragment, which is a tumor marker for the follow-up of squamous cell carcinoma, were increased at that point, the levels of carcinoembryonic antigen, a marker particularly associated with adenocarcinoma, remained within normal limits. The T790M mutation and the original exon 19 deletion were detected simultaneously. The patient received treatment with the third-generation EGFR-TKI osimertinib, achieving a good clinical response. These findings suggest that osimertinib is beneficial for lung adenocarcinoma patients with squamous cell transformation harboring the T790M mutation.
Introduction
The use of epidermal growth factor receptor-tyrosine kinase inhibitors (EGFR-TKIs) has been approved for the treatment of advanced non-small-cell lung carcinoma (NSCLC) with EGFR-activating mutations. Although their efficacy is well-established, almost all patients treated with EGFR-TKIs eventually develop resistance to these agents. Of those patients, 60% carry the missense mutation T790M in EGFR (1) , which may occur concurrently with human epidermal growth factor receptor 2 (HER2) mutation, MET amplification, or small-cell transformation. Hence, the T790M mutation plays an important role in acquired resistance to treatment with EGFR-TKIs. In 2015, the third-generation EGFR-TKI osimertinib was approved for the treatment of NSCLC harboring the T790M mutation in patients with disease progression following therapy with first-or second-generation EGFR-TKIs. Therefore, re-biopsy may be used to detect the mutation responsible for the development of resistance in such patients.
The present case report details the occurrence of squamous cell transformation in combination with the T790M mutation and the efficacy of osimertinib in a patient with lung adenocarcinoma.
Case report
A 73-year-old male Japanese patient, with a smoking history of 75 pack-years, was referred to the Department of Respiratory Medicine of Showa University Fujigaoka Hospital (Yokohama, Japan) with dyspnea on effort. A chest X-ray revealed severe pleural effusion in the left lung and a chest computed tomography scan revealed a primary tumor (77 mm in greatest diameter) in the left upper lobe. In addition, positron emission tomography detected a mass in the left adrenal gland. There was no evidence of brain or bone metastasis. The levels of the tumor markers carcinoembryonic antigen (CEA) and cytokeratin 19 fragment (CYFRA) were increased; (CEA: 17.7 ng/ml; normal range: 0-5.0 ng/ml, CYFRA: 11.4 ng/ml; normal range: 0-3.5 ng/ml; Fig. 1 ). Adenocarcinoma cells were detected in the pleural effusion. Immunohistochemical analysis was not possible due to the limited number of cancer cells. Transbronchial lung biopsy from the left upper lobe did not demonstrate malignant findings. The patient was diagnosed with stage IVA lung adenocarcinoma, and cytology examination using a specimen from the pleural effusion revealed the presence of an EGFR-activating mutation (deletion E746-A750 in exon 19) . Hence, treatment with the second-generation EGFR-TKI afatinib (40 mg) was initiated as first-line therapy.
Effect of osimertinib treatment on lung adenocarcinoma with squamous cell transformation harboring the T790M mutation: A case report and literature review
Gene alterations in lung carcinoma were analyzed by collecting and examining pleural effusion at the time of diagnosis. DNA was extracted from cell pellets using the QIAmp DNA Mini kit (Qiagen, Valencia, CA, USA). The PCR-Invader (BML Inc., Tokyo, Japan) method was performed to detect EGFR mutations. Re-biopsy specimens were also analyzed in a similar manner. Official approval for gene analysis was obtained in advance from the Ethics Committee for Genomic Research at Showa University (approval no. 113) and the patient provided written informed consent.
At 5 months after initiation of afatinib treatment, the primary tumor site had almost disappeared, without observed recurrence. In addition, the levels of CEA and CYFRA returned to normal. The treatment course exacerto normal. The treatment course exacernormal. The treatment course exacerThe treatment course exacerbated the skin lesions at grade 3 according to the Common Terminology Criteria for Adverse Events version 4.0 (2), and the dosage of afatinib was adjusted to 30 mg. Ten months after administration of afatinib, recurrence of the tumor on the primary site was reported. Bronchoscopic re-biopsy of the tissue was performed; pathologically, the tumor was a typical squamous cell carcinoma with alveolar structures. On immunohistochemical examination, the tumor was positive for p40 ( Fig. 2 ) and negative for thyroid transcrip-2) and negative for thyroid transcrip-2) and negative for thyroid transcripthyroid transcription factor (TTF)-1 and Napsin A. Although the levels of CYFRA were increased (10.2 ng/ml) at this point, the levels of CEA remained within normal limits. Paraffin sections were analyzed to determine the presence of an acquired resistance mutation. In addition to the exon 19 deletion originally harbored by the tumor at the time of diagnosis, this analysis detected the T790M mutation. The patient received treatment with the third-generation EGFR-TKI osimertinib (80 mg), and a partial response was observed in the recurrent site. The levels of CYFRA returned to normal, and the patient was relapse-free 1 year after treatment initiation. At the last follow up in April 2018, the patient was symptom free.
Discussion
Numerous studies have reported the use of re-biopsy in NSCLC patients with disease progression following first-or second-generation EGFR-TKI therapy (3, 4) . Moreover, recent studies have reported squamous cell transformation in patients with NSCLC during the course of treatment (5-18), described as a mechanism of acquired resistance to these agents.
In the present case, the T790M mutation was detected in combination with squamous cell transformation in a patient with lung adenocarcinoma who was treated with afatinib. The tumor maintained the original exon 19 deletion, suggesting a monoclonal origin and clonal progression. Administration of osimertinib resulted in a partial response and was well-tolerated, without severe adverse events. Third-generation EGFR-TKIs, such as osimertinib and rociletinib, selectively block T790M mutant clones. The efficacy of osimertinib in the treatment of T790M-positive NSCLC has been demonstrated (19) . As shown in Table I , a total of 18 cases of squamous cell transformation in lung adenocarcinoma harboring an EGFR-activating mutation after treatment with cytotoxic chemotherapy or EGFR-TKIs have been reported (5-18); in 8 of those, the T790M mutation was also detected. These patients were treated with EGFR-TKIs as first-line therapy.
There was no significant association of the T790M mutation with age, gender, clinical stage, smoking history or activating mutation status (data not shown). Five of the patients with the T790M mutation received treatment with third-generation EGFR-TKIs, and the recurrence site improved in all cases. EGFR-TKIs have been reported to be less effective in the treatment of non-adenocarcinoma tumors compared with adenocarcinoma (20) . However, third-generation EGFR-TKIs may be beneficial in the treatment of squamous cell carcinoma harboring the T790M mutation.
The pathogenesis of squamous cell transformation in lung adenocarcinoma remains elusive. In NSCLC, the presence of adenocarcinoma and squamous cell carcinoma is associis associated with distinct clinical characteristics, gene expression, and specific biomarkers. Adenocarcinoma usually arises in the distal airway, whereas squamous cell carcinoma is more frequently reported in the proximal airway. EGFR mutations are more frequent in adenocarcinoma compared with squamous cell carcinoma. Immunohistochemical analysis in adenocarcinoma demonstrated diffusely positive staining for TTF-1 and Napsin A, and negative staining for p40 and p63 expression, whereas the opposite was observed in squamous cell carcinoma. In the present study, detection of an EGFR exon19 deletion in the re-biopsy specimen decreased the possibility of de novo squamous cell carcinoma development. There are two possible mechanisms of transformation: The first hypothesis is that adenocarcinoma may develop squamous metaplasia, an authentic transformation during therapy. In a mouse model, liver kinase B1 inactivation resulted in accumulation of reactive oxygen species (ROS), eventually causing progressive transdifferentiation of the adenocarcinoma to squamous cell carcinoma through an intermediate mixed status (21) . Although excessive levels of ROS induce apoptosis and decrease cell proliferation in adenocarcinoma, squamous cell carcinoma is strongly resistant to ROS. The second hypothesis is that the initial tumor contains squamous cell carcinoma components in varying proportions, clinically termed adenosquamous carcinoma. This is a rare subtype of NSCLC (≤4% of all lung carcinomas), defined by mixed adenocarcinomatous and squamous cell carcinomatous components >10% (22) . In some cases, clinically defined adenocarcinoma or squamous cell carcinoma, diagnosed through biopsy or cytology specimens, may in fact be adenosquamous carcinoma. Therefore, it is important to diagnose adenosquamous carcinoma using surgical specimens rather than biopsy samples. The clinicopathological characteristics of adenosquamous carcinoma remain unclear. It has been reported that adenosquamous carcinoma is more aggressive and has a worse prognosis compared with either adenocarcinoma or squamous cell carcinoma (23, 24) . By contrast, several studies revealed similar frequencies of EGFR mutations between adenosquamous carcinoma and adenocarcinoma (25, 26) , an association between adenosquamous carcinoma with EGFR-activating mutations, and good response to EGFR-TKIs (27) .
The aforementioned hypotheses suggest that resistant clones, which consist of squamous cell carcinoma, are increased through EGFR-TKI therapy. As shown in Fig. 1 , the CEA and CYFRA tumor markers were elevated at the time of diagnosis and returned within normal limits simultaneously during therapy with afatinib. The levels of CEA, which is particularly associated with adenocarcinoma, remained within the normal range, whereas the level of CYFRA, a tumor marker for follow-up of squamous cell carcinoma, increased to 10.2 ng/ml during disease progression. This suggests that the initial adenocarcinoma was diminished, and the squamous cell carcinoma component was limited by treatment with afatinib, a finding consistent with the latter hypothesis. However, it is possible that adenocarcinoma progressively transdifferentiates into squamous cell carcinoma during therapy, even if the original tumor contains both adeno-, even if the original tumor contains both adenoeven if the original tumor contains both adenoboth adenocarcinoma and squamous cell carcinoma.
In the present case, the T790M mutation was identified in a patient with lung adenocarcinoma and presence of squamous cell carcinoma, as shown by re-biopsy. The patient received osimertinib treatment, with an evident beneficial effect on the recurrence site. These findings suggest that this third-generation EGFR-TKI is a viable treatment option for patients with lung adenocarcinoma exhibiting squamous cell transformation harboring the T790M mutation. Re-sequencing is warranted, regardless of the detection of morphological transition of primary adenocarcinoma. The use of re-biopsy may also be important for investigating the progression of lung cancer and overcoming resistance to therapeutic agents.
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